Introduction {#sec1-1}
============

Pain is a warning signal and primarily protective in nature that causes discomfort with a large subjective component.\[[@ref1]\] Currently available analgesic drugs such as opiates and NSAIDs are known to cause adverse effects. Opiate analgesic such as morphine has strong addictive potential and other side effects including respiratory depression, drowsiness, decreased gastrointestinal motility, nausea and several alterations of endocrine and autonomic nervous system\[[@ref2]\] whereas NSAIDs are well known for their ability to produce gastrointestinal bleeding, ulceration etc.\[[@ref3]\] Therefore, need to develop new better drugs for relief of chronic pain. A growing body of evidence suggests that in neuropathic and chronic pain antidepressants are found effective due to inhibition of nor adrenaline (NA) and 5 hydroxy tryptamine (5HT) uptake.\[[@ref4][@ref5]\] There is ample evidence to suggest that descending pain inhibiting pathway involves monoamines such as NA and 5HT.\[[@ref6]\] Plants present promise of cure as they have been the raw material for the synthesis of drugs and as an important source of new therapeutic agents. *Aegle marmelos* is highly reputed medicinal plant possess antidiarrheal,\[[@ref7]\] antihyperglycemic,\[[@ref8]\] anticancer,\[[@ref9]\] radioprotective,\[[@ref10]\] antidepressant\[[@ref11]\] and analgesic activities.\[[@ref12][@ref13]\] Till date there are no reports available regarding involvement of opiate and monoamine system in *A. marmelos* induced antinociception therefore, present study is undertaken to confirm its antinociceptive activity and to explorer influence of opioid and descending pain inhibiting pathways involving monoamines for this effect.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Plant Materials {#sec3-1}

The leaves of *A. marmelos* were collected from their natural habitat from Gwalior city, Madhya Pradesh, India in the month of April 2008. The plant leaves were identified by Dr. K.K.Koul Professor and Head, Department of the Botany, Jiwaji University, Gwalior, India and a voucher specimen (skam/08) has been retained in our laboratory for further reference.

### Preparation of Extract {#sec3-2}

The shade dried leaves were powdered using a mechanical grinder and passed through 40-mesh sieve. Powder (300 g) was successively extracted with1.5 L of petroleum ether, chloroform and methanol, in a soxhlet apparatus at 60-70°C each for 10-12 h consecutively. Solvents used were of analytical grade. Methanol was removed from the extract under vaccum and a semisolid mass was obtained. The yield of methanol extract (ME) was 11.50% (w/w). It was stored in sterile amber colored storage vials in refrigerator until used for experimentation.

### Selection of Animals {#sec3-3}

Albino mice weighing 20-25 g of either sex were used for the study. They were maintained under standard laboratory condition at 24 ± 2°C and relative humidity 50 ± 5% on 12h-day/night cycle with free access to food (Pranav Agro Industries, Delhi, INDIA) and water. The animals were acclimatized to the laboratory conditions prior to experimentation. All the experiments were carried out between 10.00 h and 16.00 h at ambient temperature. The animals were drawn at random for test and control groups. The study was approved by Institutional Animal Ethics Committee.

### Analgesic Activity {#sec3-4}

### Tail-flick Test {#sec3-5}

Mice (20--25g) were fasted overnight before the study. A tail-flick analgesiometer (TECHNO) was used to measure response latencies as described by Armour and Smith.\[[@ref14]\] The distal part of the tail except 1 mm was placed over a heated nichrome wire and the time taken by the mice to withdraw the tail was recorded 1 h prior to treatment in triplicate at 15 min interval. The mean of the three readings was recorded as pre-drug latency time. The heat intensity was adjusted such that the average withdrawn latency was 1.5-4 s and a maximum cut-off time of 10 s was adopted to prevent undue tissue damage. Responses were measured at time 0, 30, 60, 90, and 120 min after treatment of the animals with vehicle and drugs. The differences between tail flick latencies (TFL) before and after drug administration among different groups were compared for statistical analysis. Tail flick responses were observed in three sets of experiments using analgesiometer.

Mice were divided into five groups of six animals each. Group I received gum acacia (GA) at the dose of 10ml/kg p.o. served as negative control, Group II received morphine sulfate 1mg/kg p.o. served as positive control while Group III, IV and V were treated with ME of *A. marmelos* 75,150 and 300 mg/kg p.o. respectively.

To study the effect of combination treatments mice were divided into eight groups of six animals, each. Group I received gum acacia at the dose of 10ml/kg p.o. served as negative control, Group II and Group III were treated with morphine sulfate 1mg/kg p.o. and venlafaxine 25mg/kg p. o. respectively, served as standard control. Group IV, V and VI received ME of *A. marmelos* 75mg/kg p.o., morphine sulfate0.25mg/kg p.o.,venlafexine 7.5mg/kg p.o. respectively served as a subeffectve dose groups, GroupVII and VIII received combination of ME of *A. marmelos* 75/kg p.o.either with morphine 0.25 mg/kg p.o. or venlafexine 7.5mg/kg p.o.

To study the effect of naltrexone pre-treatment mice were divided into six groups of six animals, each. Group I received gum acacia at the dose of 10ml/kg p.o. served as negative control, Group II were treated with naltrexone 1mg/kg p.o. alone, Group III and IV, received naltrexone 1 mg/kg p.o.30 min prior to ME of *A. marmelos* 300 mg/kg p.o. and venlafexine 25 mg/kg p.o. respectively whereas GroupV and VI received naltrexone 30 min prior to combination of subeffective dose of ME of *A. marmelos* with either morphine or venlafexine.

### Mouse Writhing Assay {#sec3-6}

The acetic acid-induced abdominal writhing test was performed by intraperitoneal injection of acetic acid (10 ml/kg, 1% v/v in normal saline) according to the procedure described.\[[@ref15]\] Mice received treatments 30 min before intraperitoneal injection of acetic acid and observed for constriction of the abdominal muscles together with stretching of the hind limbs. The writhes were cumulatively counted for 30 min following acetic acid injection. A significant reduction in the number of acetic acid-induced abdominal constrictions of the treated mice, compared to that of control group of mice, was taken as an indication of analgesic effect.

The mouse writhing assay was performed in two sets of experiments:

To study the effect of different doses of ME treatments groups were similar to TFL except group II received diclofenac sodium 5mg/kg p.o. and served as positive control.

To study the effect of combination treatment groups were similar to TFL.

### Drugs {#sec3-7}

Morphine sulfate was procured from Cancer Hospital and Research Institute, Gwalior, India. Diclofenac (Ranbaxy) and venlafaxine (Cipla protec) were purchased and used in the study. All the drugs and ME were administered orally as 2% gum acacia suspension prepared just before administration.

### Statistical Analysis {#sec3-8}

Data is represented as Mean ± SEM and analyzed using one-way ANOVA followed by Tukey multiple comparison tests. *P*\<0.05 were considered statistically significant.

Results {#sec1-3}
=======
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### Effect of A. marmelos on Tail Flick Response (TFL) {#sec3-9}

A. marmelos significantly increase the mean latency elicited by TFL (*P*\<0.05) at 150 and 300 mg/kg as compared to the gum acacia-treated mice \[[Table 1](#T1){ref-type="table"}\]. Morphine (1mg/kg) elicited significant (*P*\<0.05) antinociceptive activity as compared to GA, ME at the dose of 75 and 150 mg/kg treated mice.

###### 

Effect of methanol extract of *Aegle marmelos* leaves on tail flick latency in mice

![](IJPharm-45-371-g001)

### Effect of A. marmelos on Writhing {#sec3-10}

A significant (*P*\<0.001) inhibition of the writhes were elicited by the ME at 150 and 300mg/kg as compared to the gum acacia \[[Figure 1](#F1){ref-type="fig"}\]. Standard drug diclofenac (5 mg/kg) elicited significant (*P*\<0.001) inhibition of the writhes as compared to GA, ME (75 and 150mg/kg) treated mice. The percentage inhibitions of writhes were 28, 58 and 61% for the ME150, 300mg/kg and standard diclofenac 5mg/kg treated animals respectively as compared with control group. The effect of the extract of the plant at 300 mg/kg was comparable with the reference drug diclofenac sodium \[[Figure 1](#F1){ref-type="fig"}\].

![Effect of different doses of *Aegle marmelos* on number of writhes in mice. Values are expressed as mean ± SEM, *n* = 6 \**P* \< 0.001 compared to GA, ^a^*P* \< 0.001 compared to AM 75, ^b^*P* \< 0.01 compared to AM 150, DF = diclofenac 5 mg/kg, AM 75 = *A marmelos* 75 mg/kg, AM 150 = *A marmelos* 150 mg/kg, AM 300 = *A. marmelos* 300 mg/kg](IJPharm-45-371-g002){#F1}

### Effects of Combination Treatments on TFL and Writhing {#sec3-11}

Standard drug morphine at 1mg/kg and venlafaxine at 25mg/kg produced significant (*P*\<0.001) inhibition of pain perception as compared to control, morphine 0.25mg/kg and venlafaxine 7.5 mg/kg treated mice respectively in both the pain models. Combination of subeffective dose of A. marmelos with morphine showed significant pain inhibition (*P*\<0.001) as compared with control, ME (75mg/kg) and morphine (0.25mg/kg) treated mice. Combination of subeffective dose of A. marmelos with venlafaxine also caused significant pain inhibition as compared to control, ME (75mg/kg) and venlafaxine (7.5mg/kg) treated mice respectively. The pain inhibiton was comparable with venlafaxine 25mg/kg in both the pain models: TFL test \[[Table 2](#T2){ref-type="table"}\] and writhing test \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Effect of combination treatment on tail flick latency in mice
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![Effect of combined treatments on number of writhes in mice. Values are expressed as mean ± SEM, *n* = 6, \**P* \< 0.001 compared to GA, ^a^*P* \< 0.001 compared to AM 75, ^b^*P* \< 0.001 compared to MP 0.25, ^c^*P* \< 0.001 compared to VF 7.5. GA = gum acacia at the dose of 10 ml/kg, DF = Diclofenac 5 mg/kg, MP 0.25 = Morphine 0.25 mg/kg, VF 7.5 = Venlafaxine 7.5 mg/kg, VF 25 = Venlafaxine 25 mg/kg, AM 75 = *A. marmelos* 75 mg/kg](IJPharm-45-371-g004){#F2}

### Effects of Naltrexone Pre-treatment on Antinociception Induced by A. marmelos when Administered Alone or in Combinations {#sec3-12}

Administration of 1mg/kg naltrexone did not increase TFL period in mice as compared to control (*P*\>0.05). Pre-treatment of naltrexone before administration of *A. marmelos* at the dose of 300 mg/kg and venlafaxine at the dose of 25mg/kg to mice respectively caused inhibition of antinociceptive effect. Naltrexone pre-treatment also resulted in inhibition of antinociceptive effect in mice treated with combination of subanalgesic dose of *A. marmelos* with venlafaxine and morphine respectively \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of Naltrexone pre-treatment on *Aegle marmelos*-induced tail flick latency in mice used alone or in combination with either venlafaxine or morphine
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Discussion {#sec1-4}
==========

The thermal stimulation-induced pain model is considered to be selective to screen out centrally acting analgesic activity.\[[@ref16]\] In the present study radiant heat induced tail flick test was used as a model of nociception which is selective for opioid-like compounds. The effectiveness of analgesic agents in tail flick model is highly correlated with relief of human pain perception.\[[@ref17]\] The results obtained in present study indicate that ME of *A. marmelos* possess dose-dependent analgesic effect on the TFL test hence it is suggestive of central action. In pain transmission numerous neurotransmitters are involved.\[[@ref6]\] In the present study we investigated the role of endogenous opioids, NA and 5 HT in analgesia. Subanalgesic dose of *A. marmelos* showed synergism with subanalgesic dose of morphine suggesting involvement of opiate system in *A. marmelos*-induced analgesic activity. An extensive body of evidence shows that tricyclic antidepressants, particularly those that modulate both NA and 5-HT signaling, like venlafaxine and mirtazapine reliably relieve pain, while analgesia with selective serotonin reuptake inhibitors is of lesser magnitude or are less reliably produced.\[[@ref18]\] The development and continued investigation of the analgesic effects of these newer antidepressant agents is likely not only to enhance treatment of depression but also pain.\[[@ref19]\] These drugs cause spinal inhibition of pain by increasing NA and 5HT level which inhibit the release of transmitters carrying pain sensation from nerve endings.\[[@ref20]\] In the present study the subanalgesic dose of *A. marmelos* showed synergies with a subanalgesic dose of venlafaxine in tail flick model suggesting involvement of NA and 5HT in analgesic activity of *A. marmelos*. The serotonergic and noradrenergic systems have been implicated in the descending inhibitory control of pain in humans and animals.\[[@ref21]\] Thus the present study revealed involvement of opioid as well as monoaminergic pain pathways in *A. marmelos* induced analgesic activity and is in accordance with earlier reports that several antidepressants produce analgesia which appears to be mediated by both noradrenergic and serotonergic signaling as well as opioid mechanisms.\[[@ref22]\]

Naltrexone pre-treatment inhibited the antinociceptive effect of *A. marmelos* when used alone confirmed that *A. marmelos* in part acts by blocking opioid receptors. Naltrexone also blocked antinociception induced by combination of *A. marmelos* with venlafaxine suggesting inhibition of descending pain inhibiting pathway by *A. marmelos* that involves monoamines. Such response of *A. marmelos* is in accordance with earlier reports on the drugs which prevent reuptake of NA and 5HT and their action is blocked by naloxone.\[[@ref23]\] It seems that *A. marmelos* exerts complex modulation of the descending noradrenergic and serotonergic systems that exert inhibitory influences on the transmission of nociceptive information, probably in addition to effects on opioid receptors in the primary neurons of the spinal cord.

Analgesics can also act on the peripheral nervous system to block pain perception due to acetic acid-induced writhing in experimental animals.\[[@ref24]\] In the present study, ME of *A. marmelos* inhibited acetic acid-induced writhing in mice when used at the dose of 150 and 300mg/kg alone as well as in combination of subanalgesic dose with that of morphine. This result is in confirmation with the earlier reports that acetic acid-induced writhing is readily reversed by nonsteroidal anti-inflammatory drugs as well as by opioid agonists such as morphine.\[[@ref20]\] Further, our study showed that combination of subanalgesic dose of ME with that of venlafaxine also inhibited acetic acid-induced writhing response which is in agreement with previous reports\[[@ref20][@ref25]\] that the selective serotonergic and noradrenergic reuptake inhibitor produced a dose-dependent antinociceptive effect in the acetic acid-induced writhing test in mice. Thus, ME of *A. marmelos* was efficacious in reducing inflammation-related pain and central sensitization in the present studies.

The results of the present study demonstrated that the *A. marmelos* posses analgesic activity which is evident in the central and peripheral experimental pain models. *A. marmelos* induced antinociception involves both opioid and the monoaminergic pain pathways, suggesting a potential use of *A. marmelos* in neuropathic and chronic pain. Further investigations are required to find active principles responsible for these effects.
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